(12) INTERNATIONAL APPUCATION FUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid iDtellectiial Property OrgadizatioD 
Internationa] Bnrean 

(43) iDtematioBal Publication Date 
12 December 2002 (12.12.2002) 




PCT 



(10) Intenational Publication Number 

wo 02/098884 Al 



(51) Intcfiiatioiial P&teot ClassificatioD^ O07D 501/22 
(21) International Applicatioo Number: PCEyKR02ffn(M 



(22) Intematioiial Filing Date: S June 2002 (05.06.2002) 



(25) Filing Langoage: 

(26) Publication Languagie: 

(3(9 Priority Data: 
2001/31339 



English 



5 June 2001 (05.06^1) KR 



(71) X^ksai (far aOdes^nated States except US): HAHMi 
PHARM. CO^ LTD. [KR/KR]; #893-5, Hajeo-ii, Mtan- 
Riyeon, Hwasernig-gun, Kyongki-do 445-910 (KR). 

(72) Inventory and 

(75) Invcaton/Applicants (for US cttfy)t LU, Gwan» Sun 
[KR/KR]; Keakdong ApL 2-805, Karak-dong, Songpa-gu, 
Seoul 13S-160 (KR). CHANG, Yoaog, Kit [KR/KR]; 
§34^, Sanyeon-dong, Songpa-gu, Seoul 138-180 (KSX 
KIM» Hongr Sua {KR/KR}; #290-30^ Joi^wa-l-doiig. 
JmignBng-gD, Seoul 131-121 (KR). PARK, Cbol* Hiiyn 
[KR/KR]; Hansoljugong Sdazip SI 1-1005 Jeongja-dong. 



Bimdang-gu. Seongnam-si, Kyongki-do 4£3-010 (KR). 
PARK, Gba, Senng [KRACR]; #1273.12, Ilsan-4dong. 
Dsan-go, Goyaqg-d 411-314. Kyongki-do (KR). KIM, 
Ched, Kyung [KR/KR]; Jagong-2'<aia ApL 204-402, 
#111-1. Deokso-ii, Wdiu-enp, Namya^gju-si 472-900, 
Kynngki-do(KR). 

(74) Agents; JTANG, Seong, Kn et al.; I7th Fl., KEC Bmlding. 
#275-7, Yangjae-dong. Seocho-kn, Seoul 137-130 (KR). 

(81) Designated States (nationa^x CN, JP. US. 

(84) Destgoatcd States (r^onal): Eoropean patent (AT, BE, 
CH, CY, DE, DK, ES, Fl, FR. GB, OR, IE, FT, LU, MC, 
NUFT.SB,TR). 

Publlsbed: 

— with (ntemationa! search report 

— before the exgnration <f the time limit for amending ihe 
cUdms and to be repttblijked in the event tf receipl of 
amendments 

For two-metier codes and other abbreviations^ refer to the 'Xjuid- 
once Notes on Codes and Abbreviations" iippeanng at the begin' 
mng of each regular issue cfthe FCT Gazette. 



<54) Tttle: CRYSTALLINE ACID SALTS OF CEFDINIR AND PROCESS FOR FRBPARINOCEFDINIR USING SAME 



I 

S 



00 
00 
00 

?5 




0(57) 

wiAafonni 
reacting the 



inMitai.t 

High purity cefiBmr is ptepai ed in a high yidd by a process co^ tieatii^acefdiinrintennediate 
aesd-svlfnric add mixture or a fonnic add-methanesulfonic add mixture to obtain a aystalfine salt of cefifimr and 
ciysldfine salt with a base in a solvent. 
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ORYSTAUJNE AOD SALTS 
PROCESS FOR PREPARING CEFDINIR USING SAME 

Field of the Invcntioii 

5 

The present invention relates to crystalline acid salts of cefdinir, a 
process for their preparation and a process for preparing cefdinir using &e salts. 

Backgroiind of the Invention 

10 

In die pr^mration of cefdinir, a cephalosporin antibiotic, deprotection 
reaction of the caibo^-protected cefdinir is usualfy conducted in a strongly acidic 
medium, e.g., trifluoroacetic add (US Pat^ No. 4,559334). Such a strong acid 
treatment step, however, gen^ates undesired by-products including E-isomer 

IS (anti-form) of cefdinir; and, as a result, many methods have he&a developed to 
remove ttie contaminant £-isomer. For example, the method disclosed in 
hitanational Publication No. W098/45299 comprises converting crude cefdinir 
mto a salt of dicyclohexylamine, imoving the in^urity and reconvertmg the 
purified salt to cefdinir. However^ this multi-stq) mediod is inefficient and 

20 gives a low productivity. 

US Patent No. 4,935,507 discloses a method of producing crystalline 
cefdinir, which conqxrises die steps of reacting amorphous cefdinir with an add 
in a solvent and adding a non-polar solvent thereto to precipitate an add-added 
salt of cefdinir, e.g., cefilinirJICl, ceCdinirJEl2S04 and cefdinir.CHaSCbIL 

25 However, die acid-added salt formed as an intermediate in diis method is an 
amoridious bulky material whidi has poor stability and shows low purity. 

Thus, thore has continued to exist a need to develop an improved 
process for prq[>aring a highly pure cefdinir. 

30 Smnmarv of the InveptioB 

Accoapdin^y, it is a pdmaiy object of die present invention to provide an 
effident metihod of preparing hij^ purity cefdinir. 

It is anodier object of tibeinresent invention to provide a crystalline add 
35 salt of ceSinir widi high purity which can be advantageously used in die 
prq^Kiration of hig^ purity cefdinir. 

It is a finttier <*ject of thejMresrat invention to provide a process for die 
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preparation of the crygtalline add salt of cefilinir. 

In accordance with one aspect of the preset invention, there is i»x>vided 
a crystalline acid salt of cefdinir of formula (I): 



5 




(D 



wherein HX is H2SO4 or CH3SO3H. 

In accordance widi another aspect of die present invention, diere is 
10 provided a mettiod of preparing a compound of formula (I) which comprises 
reacting a cefdinir int^mediate of formula QI) with a formic add-sulfimc acid 
mixture or a fbnnic.acidrinetiumesulfQnic add mixture in a solvent: 



,0CPh3 




CO2H 

p-TsOHZDMAC (n) 

miierein Fh is ^lenyl, 

p-TsOH is p-tohienesulfonic ad4 and 

DMAC is N^-dhnethylacetamide. 

hi accordance widx a still anotiier aspect of the present invention, tixere 
is provided a medu>d of preparing cefdinir of formula QJS) which comprises 
reacting die compound of formula (0 With a base in a solvent 
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Brief Description of the Drawings 

S The above and otfier objects and features of the present invoition will 

become qypaient fiom tibe foUowmg descdption of the invention taken in 
conjunction with Ibt following accompanying drawings, which respectively 
show: 

Figures 1 and 3 : powder X-ray diffiaction patterns of cefdiniril2S04 
10 and cefdinir.CH3S03H» respective)/, prq>ared in accordance with the prior art ; 
and 

Figures 2 and 4 : powder X-ray difiB»ction patterns of cefdinir JI2SO4 
and cefdixnrCHaSQaHy respectively, prq>ared m accordance with the inventive 
method* 

15 

DctaHed Dcscriptton of flie Lnvcntton . 

The crystalline acid salt of cefdinir of fonnnla Q) may be prepared by 
treating a cefiimir inteanmediate of formula (II) with a formic acid-sulfiiric acid 
20 mixture or a fbrmic acidrmelhanesttlfonic add mixture in a suitable solvmt 

Hie cefiltnir intermediate of formula (0) used in the preset mvention 
may be prepared uinng flue leactiims and techniques described in US Patent No. 
6,093,814. 

The content of formic acid used in the presoit invention is 99 to 70 %, 
25 preferably 95 to 80 % and remainder is water. The amount of the formic acid 
used may mngq from 5 to 30 equivalents, preferably from 10 to 20 equivalents, 
based on fliee amount of the cefiiinir intmnediate of formula (0) . 

Further; tiie amount of die sulfiiric add of methanesulf onic add used in 
dieinventiveprocessmay range from 2 to 5 equivalents, preferably from 2.5 to 
30 3.5 eqaivaleQis, based on die amount of die cefdinir intermediate of formula (D). 
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BxeDQpIaiy solvents whidi mssy be suitably used h the abdve reacticm 
aie any one selected fiom the group consisting of acetonitrile, diethyl ether, 
tetrahydiofuran, 1,4-dioxane, ethyl acetate, methylene chloride, chloroform, 
isopropanol, ethanol and a mixture thereof, wherein acetonitrile is preferred 
S The amount of tiie solvent used may range from 2 to 20 vohimes(m^g), 
preferably firom 4 to 10 voh]mes(iD£/g} based on the amount of the cefdinir 
intermediate of formula (Q). 

The above reaction in accordance with the present invention may be 
performed at a temperature ranging fiom 5 to 40 "C, preferably fiom 10 to 
10 30 "C, for a period langmg from 8 to 20 hours. 

The add salts of cefdinir prq)ared in accordance with the present 
invention are novel crystalline monosulfiiric acid and monomethanesulfoiuc 
acid salt of cefdinir, unlike ttie amcnphous acid salts disclosied in fte prior art 
Further, highly pure cefdinir of formula (m) can be obtained easily by 
1 S simply treating the crystalline add salt of cefdinir of formula (T) wifli a base in a 
suitable solvmt 

Bxeiiq>lary sotvenls which may be suitably used in the above reaction 
axe any one selected fiom the groi^ consisting of water, etiianol, methanol, 
acetonitrile, l,4Hlioxane, isopropanol, acetone, melhylethylketone, 

20 meihylisobutylk^one and a mixture thereof wh^in a mixture of water and 
ethanol is preferred. Hie amount of tiie solvent used may range fix>m 5 to 30 
volumes(mK/g), prefi^ly from 10 to 20 voIunies(M/g ) based on the amount of 
Ae add salt of c^dimr of fimnda 01)* 

Exen^laiy bases which may be suitably used m the above reaction 

25 include aqueous ammonia, sodium hydroxide, potassium hydroxide, sodium 
carboaaate, x>otassium carbonate, sodium bicarbonate, potassium bicarbonate, 
sodium acetate, potassium acetate, sodium ethylhexanoate, trietiiylamme, 
diisopropylelhylamme, dimelhylelhylamine, tributylamine, pyridme, 
dinoetiiiylbens^laiziine, trietiianolanune, dimethylaminopyridine and a mixture 

30 theieot "^Axemsk sodmm achate is preferred. The base may be used in an 
^inniifit ranging fixim 1 to 3 equivalents based on tiie amount of the conipound 
of fommla CO to adjust the pH at LS to 3.S. 

Add additum salt of cefdinir in accordance with the inventive process 
is diaracteristicany formed in ^ reaction solution while deprotecting a cefdinir 

35 hxtermediate of fimnula (D). More diaracteristically, the inventive process 
described above gives a higjher yidd and a higher purity of crystalline add salt 
of cefdinir as compared with any of die conventional methods. Specificalfy, 
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ttie purity is more ttian 99 % and contamination of B-isomer (anti-fonn) is 
suipiisingly less than 0*1 %. Thus, according to the inventive process, acid 
addition salt of cefdinir is highly crystalline and shows high stability, firom 
which highly pure cefdinir can be obtained in a high yield 

5 

The foUowmg Reference Example and Eum[q>les are intended to further 
illustrate &e present mvention wi&out Umiting its scope; and the e3q)erimental 
mediods used in the present invention can be practiced in accordance widi the 
Refeience Example and Examples given below, unless otherwise stated. 
10 Further, percratages given below for solid in solid mixture, liquid in 

liquid, and soUd in liquid are on the bases of wt^wt, volArol and wt/vol, 
respectively, unless specifically indicated otherwise. 

Reference ttynnrple 1 : Preparation of 7P -[(Z)-2-(2-ammothiazol-4-yl>2- 
15 trityloxyiminoacetamido]-3-vinyl-3-cqdiem-4-ca^ addp- 
TSOHL2DMAC 

8*0 g of 7-amino-3-vinyl-3-cqphem-4-carboxylic acid and 2L5 g of (Z)- 
(2-anunofliiazol-4-yl)-2-tritylo3^imiiioacetic acid 2-benzothiazo^tfaioester 

20 were suspended in 80 m£ of N,N-dimethylacetamide and 16«8 m£ of tri-n- 
butylamine was added hereto. Then, &e mixture was stirred for 1 hour while 
Piaintftitiing ifae temperature at IS to 20^0. 240 id£ of diethyl ether was added 
tiimto and stirred for 30 mhnites, and thm filtered ttmn^ Added to 

the filtrate was 20.2 g of p-tohienesulfonic acidjnonohydrate dissolved in 40 

25 id£ of m^hanol and the resulting solution was stirred for 2 hours at room 
temperature* After 160 m£ of diedxyl efbst was added tiiereto, tiie resulting 
sohiticm was ftrther stiired for 1 hour at room tenq)erature, cooled to 0 to 5*0, 
stirred for 1 hour and filtered The prec^itato tiius obtained was washed 
sequential^ wifli 50 ml of N,N-<iimethylacetamide/dietfayl eflier (1:5, v/v) and 

30 50 me ofdieil^ledier, and then dried to obtain 323 gCYield: 93%) o^ 
c<xiq[KH]nd as apale yellow solidL 

HPLCpurity:99:i% 

H-NMR(5, MeOH-d4) : 2.08(6H,s,aOCO), 231(3H,s,ar3Ph), 
35 2.94(3Ha-N-CH3X 3.01(3H, s,-N-CH3), 3.7(2H,brd s,C-2), 4^6(1HaC-6), 
522'^534(2H^-<3I-CZ6), 5.67(lH^,C-7 ), 6.67(lH,s,ammothiazol ring-H), 
7.06-7^01im,-A!H2, -OMMi^Ph^-^ca^Phl 7.52(2H,d, 2,CH3PA) 
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i^Yinnplft 1' Preparation of 7P -[(Z)-2-(2-ammoMazol-4-yO-2*hydix>xyimmo 
ace4amido]-3-viiiyl-3-cqphem-4-caitKHcylic acidH2S04 

5 40g of 7P -[(Z>2-(2-aminothiazol-4-yl>2-trityloxyimmoacetan3id^ 

vinyl-3-cq)hem-4-caiboxylic acicLp-TsOH^MAC obtained in Reference 
ExaQq>le 1 was suspoided in 200 mE of acetonitrile. 20 vA of 90% fonnic 
acid and 6.0 m£ of 98% sulfuric add were added hereto and tiben reacted for 20 
hours \«Me maintaining die ten^erature at 15 to 20 X^. The precq>itate thus 

10 ' obtamed was filtoed and washed sequentlaUy with 100 mC of acetonitrile and 
100 mil of diethyl edier, and then dried to obtain 18^ g(Yield: 91%) of the tide 
ccmqiound as a pale ydlow oystalline solid. 

HPLC purity: 99.9% 
15 B- isomer: 0.08% 

Melting point: 180 1) (^con^osition) 

lR(cm-*,KBr) : 3391, 3225, 3116, 1774, 1651, 1526, 1164, 1042, 877, 
672,589,570 

H-NMR(6JDMSO-d6) : 3.62, 3,85(2H,ABq,C-2). 5.24(lH.d.C-6), 
20 5.35(lH,d,-CH=CH2), 5.62(lH,d,-CH=CH2), 5.78 ~5.83(lH,m,C-7), 6.88(lH,s, 
aminofliiazolring-H), 6.90-7.00(1 H,m,-CH=CH2), 9.81(lH,d,-NH-) 

The X-iay difCcactkm p^tem hi Fig. 2 shows that the cefi]mir.H2S04 
thus obtained is higlily ciystallme^ which should be compared widi the broad 
25 peak pattem fat die cefdinir sul&te prepared in accordance widi the 
conventional mediod (Big 1). Ihe peaks observed in Fig. 2 are summarized in 
Table L 



30 
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d : lattice parameter; and 
S I/Io: relative peak intensity 

Exanqjle 2 : Preparation of 7p -[(Z>2-(2-aminotiiiazol-4-yl)-2-hydro}^iinin^ 
acetaniido]-3-vinyWH»phem-4-carboxylic acidCHsSOsH 

10 lOOg of TP *[CZ>-2-^-4Uii]no1faiazol'4-yl)-2*trityloxy]^ 

3-vinyl-3-cqphem-4-carbo3^c acidp-TsOH.2DMAC obtained in Refer^ce 
Example 1 was suspended in 200 mS of acetonitrile. 40 m£ of 85% formic 
acid and 18.5 mC of metibanesulfonic acid added thereto, and then reacted 
for 20 hoars while maintaining the tgnperature at 20 to 25 Xl. The precipitate 

15 thus obtained was filtered and washed sequentially with 100 rsA of acetonitrile 
and 100 m£ of diethyledi^, and flim dried to obtain 43.9 gCYield 88%) of the 
title oon^Kyund as apale yellow'crystalHne solid 

HPLC purity: 99.8% 
20 E"-iscMner:0a2% 

Meltingpoint:210lD (decomposition) 

IR(cm-^JQBr) : 3285, 3231, 1775, 1684, 1636, 1527, 1356, 1195, 1145, 
1043,782,590 

H4<MR(8J)MS(>d6) : 237(3IM,CH3S),3.58, 3.82(2H,ABq,C-2), 
25 52\imAOS^ 532(lH,d,-Ca=CH2), 5.60(lH,d,-CH=CH2), 

575-5.80(lH,in,C-7X 6.85(1Ha aminothiazol ring-H), 6.86-'6.96(l H,m,- 
CH^CHa), 9.83(lH,d,-NH-) 
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The highly crystalline natue of ttie cefdiiiir.CH3SC)3H is mified by Ifae 
powder X-iay difGraction pattern shoiwn in Fig. 4. The cefdinir-CHsSOsH 
prepared in accordance witii the prior art method is amorphous as showed in Fig 
S 3. The peaks observed in Fig. 4 are summarized in Table 2. 



Table 2 
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Rvftm ple Prq>aration of 7p -[(Z)-2-<2-aiiimoliiiazol-4-yl>2-liydro)^^ 
acetanudo]-3-vinyl-3-cephem-4K:^^ add (cefdinir) 

3,0g of 7P •►[(Z>-2-^-^mainotiuazol-4-yl)-2-hydroxyi^ 
IS vinyl-3-^hem-4-caiboxylic aci(LH2S04 obtained in Exaniple 1 was suspmded 
in 30 of water and adjusted to pH 3.4 to 3.6 wifh 1.0 g of sodium 
bicartxmate. The resultiog solution was stined at a temperature ranging fiom 
30 to 40 finr 30 minutes^ cooled to 0 to 5 V, and then stiired for 30 
minutes. Thej^cec^itatetfausobtained was filtered and washed wil^ vat of 
20 distmed watei; and fbm dried to obtain 1 .40 g(Yield S7%) of the title compound 
as a pale yellow crystalline solid. 

HPLC purity: 99.9% 

B - isomer content : 0.06% 
25 H-NMR(aj>M5(>4e) : 3.57, 3.85(2H,ABq,C-2), 5.20(lH,d,C-6), 

5 J2(lHA-Cai=CB^0, 5.61(lH,d,-CH=CH2), 5.79 -5.83(lH;m,C-7), 
6.69(lHAamhu>tfiio2ol ring-H), 6.89-6.98(1 H,m,.CH=<H2). 7.14(2H, brd s, 
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.NH2),9J9(lH,d,-NH-). 

Rgftntple 4- Preparation of 7p -[(Z)-2-(2-animotluazol'4-yl>2-hydroxyanm 
acetanudo]-3-vinyl*3^:q)hm-4-caiboxyIic acid (cefdinir) 

5 

5.0 g of 7jp -[(Z)-2-<2-aminotiiia2»l-4-yI)-2-hydroxy^ 
vinyl-3-cephem-4-carboxylic add^CHsSOsH obtained in Example 2 was 
suspended in SO ]&£ of etfaanol and adjusted to pH 3.4 to 3.6 by adding 
triethylamine diereto dropwise. The resulting solution was stirred at a 
10 temperature ranging from 30 to 35 *C for 30 minutes. The precq>itate thus 
obtained was filtered, dispersed in a mixture of 30 mE of distilled water and 10 
of e&anol, stirred at a tenq)erature ranging ficom 30 to 35 for 30 minutes^ 
filtered, washed witii 20 rd of distilled water, and then dried to obtain 3.31 
g(Yield: 82%) of the tide coiiq>ound as a pale yellow ciystalline solid. 

15 

HPLC purity: 99.8% 
E ^ isomer content : 0.08% 

H-NMR data of this product were identical with those of the coxrq^und 
prq>ared in Exan^le 3. 

20 

While the invention has been desoibed with respect to the above 
specific embodiments, it should be recognized that various modifications and 
changes may be made to tfie invention by tfiose skined in the art which also &I1 
wiflun tiie scope of tiie invention as defined by tihe appended claims. 

25 
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What is claimed is: 

1. AciystallineaddsakofceffliiuroffonnulaOO: 

.OH 



N 




5 .HX CO2H ^ 

. ^aeinHXisH2S04orCH3S03H. 

2. A me&od of prepanng flat ctystalline add salt of cefdinir of fimnula 
10 Q) ledted in claim 1 v^ch conqirises reacting a c^dinir intermediate of 
fbrmula (II) wi& a Ibnnic acid-sulfivic add mixtiire or a fonnic acid- 
mefltanesolfonic add nmctore in a solvent: 

^OCPha 
N 



15 



CO2H 

P-TS0H2DMAC (]]) 

^dnein Fh is pliBiiyU 

p-TsOH is p-tolDeoesalfiMiic add, and 

DMAC is N,N-dinied^aceitamide. 

20 3. The method of claim 2, wherein the fonnic add is an aqueous 

sotuttonhavingafinmic add crateotof 99to70 %. 



4. The medtod of claim 2, ^vrtieieinlhe foimic add is used in an amount 
f angmg fiom 5 to 30 cquivaleDts based on tiie amount of Hit ceKinir 
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intermediate of fomiula (D)- 

5* The method of claim 2, wherein sulfuric acid or metfaanesulfordc acid 
is used in an amoimt ranging from 2 to S equivalents based onfhe amount of the 
5 cefdinir intermediate of fomnila CO). 

6. The method of claim 2» wherein fiie solvent is selected fiom the groiq> 
consistmg of acetonitrile, diethyl eber, tetral^drofiiran, 1,4-dioxane, ^yl 
acetate, meti^lene chlonde» chloroform, isopropanol, efhanol and a mixture 

10 theieoC 

7. The me&od of claim 2, wherem the solvent is acetoiutrfle. 

8. A method of preparing cefdmir of formula (ED) which comprises 
IS reacting the ciystallme add salt of cefdmir of formula (£) with a base m a 

solvent 




20 9. The m^od of claim 8, wha:ein ftic solvent is selected from die groiq) 

consisting of water, elhanol, methanol, acetonitrile, 1,4-dioxane, isopropanol, 
acetone^ mefiiyle&yOoetone, mdrtytisoba&ylketone and a mixture thereof. 

10. The mebod of claim 8, wherein the base is selected from &e groiq) 
25 consisting of aqueous ammonia, sodium hydroxide, potassium hydroxide, 
sodium oirbonate, potassium carb(niate, sodium bicarbonate, potassium 
bicaibonate^ sodium acetete, potas^um acetate, sodium ettiylhexanoate, 
triediylamine, diisopropylelhylamine, dhnethyl^ylamine, tributylamine, 
pyridine^ dimethylb^izylamine, triedianolanune, dimeH^laminopyridine. and a 
30 luixtute thereof 
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U. The method of ckdm 10, wherein the base is sodium acdate. 



wo 02/098884 



PCT/KR02/D1064 



1/4 

FIG. 1 
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